Credit investors need a measure to determine how much they are being paid to compensate them for assuming the credit risk embedded within a security. A number of such measures exist, and are commonly known as credit spreads since they attempt to measure the return of the credit asset relative to some higher credit quality benchmark. Each has its own strengths and weaknesses. In this article, we define, describe and analyse the main credit spreads for fixed rate bonds , floating rate notes and the credit default swap. 
INTRODUCTION
It is useful for credit investors to have a measure to determine how much they are being paid to compensate them for assuming the credit risk embedded within a security. This credit risk may be embedded within a bond issued by some corporate or sovereign or may be synthesized through some credit derivative. Such a measure of credit quality should enable comparison between securities issued by a company, which may differ in terms of maturity, coupon or seniority. It should also facilitate comparisons with the securities of other issuers. Ultimately it should enable the credit investor to identify relative value opportunities within the bonds of a single issuer, and across different issuers.
When we enlarge our universe of credit instruments to include not just fixed rate bonds, but also floating rate bonds, asset swaps and default swaps, it is only natural to try to define a credit risk metric which also allows a comparison across instruments. For example, we would like to know when a credit default swap is priced fairly relative to a cash bond when both are linked to the same issuer. This is especially important for determining the relative value of a default swap basis trade.
While we would like one simple credit measure, there is in fact a multiplicity of such measures. Most are called "credit spreads" since they attempt to capture the difference in credit quality by measuring the return of the credit risk security as a spread to some higher credit quality benchmark, typically either the government (assumed credit risk free) curve or the same maturity Libor swap rate (linked to the funding rate of the AA-rated commercial banking sector).
Well-known credit measures include the yield spread, the asset swap spread, the option adjusted spread (OAS), the zero volatility spread, the discount margin, the default swap spread and the hazard rate. Each is defined in its own particular way and so has its own corresponding strengths and weaknesses. However, since they play such a fundamental role in the trading, analysis and valuation of credit securities, it is essential that there exist a clear picture as to the information contained in each of these different credit spreads.
The purpose of this report is to define, explain and examine these different credit spreads. We would also like to understand the relationship between different credit spread measures. To do this we have to set up a unifying credit risk modelling framework through which we can express each of these credit-spread measures. Such a model will enable us to understand how different measures behave with changing credit quality and asset indicatives. A comparison of the various credit spread measures is left to a forthcoming Quantitative Credit Research Quarterly article.
The remainder of this paper is organised as follows: We describe a number of credit spread measures in turn, starting with those for fixed coupon cash bonds, followed by those for floating rate bonds. We focus mainly on the spread measures quoted by Bloomberg on its YAS, YAF and ASW pages and also those used by Lehman Brothers on Lehman Live. Additionally, we define and explain the credit default swap spread.
CREDIT SPREAD MEASURES FOR FIXED RATE BONDS
We start by discussing the most common credit spread measures for fixed rate bonds.
THE YIELD SPREAD
The yield spread, also known as the yield-yield spread, is probably the most widely used credit spread measure used by traders of corporate bonds. Its advantage is that it is simply the difference between two yields -that of the credit bond and that of the associated treasury benchmark and so is easy to compute and sufficiently transparent that it is often used as the basis to price in the closing of a crossing trade of credit bond versus treasury bond.
Definition
The yield spread is the difference between the yield-to-maturity of the credit risky bond and the yield-to-maturity of an on-the-run treasury benchmark bond with similar but not necessarily identical maturity.
The mathematical definition of the yield-to-maturity is well known and has been discussed at length elsewhere (Fabozzi 2003 ). However we repeat it here for the sake of completeness. It is the constant discounting rate which, when applied to the bond's cashflows, reprices the bond. If we denote the full (including accrued) price of the defaultable bond by P full , the annualised coupon by C D , the coupon frequency by f D , and the time to each of the cash flow payments in years by T 1 , …, T N , then the yield y D of the defaultable bond is the solution to the following equation.
Note that the full coupon is used for the first period, consistent with using the full price. The times to the payments are calculated using the appropriate day count convention, such as 30/360 (bond) or ACT.
A 1-dimensional root-searching algorithm is typically used to find the value of y D which satisfies this equation.
Before we can consider the information content of the yield spread, let us consider for a moment the assumptions behind the yield to maturity measure. These are:
1. An investor who buys this asset can only achieve a return equal to the yield measure if the bond is held to maturity and if all coupons can be reinvested at the same rate as the yield. In practice, this is not possible since changes in the credit quality of the issuer may cause yields to change through time. As many investors may re-invest coupons at rates closer to LIBOR, at least temporarily, the realised return will usually be lower than the yield to maturity.
2. It assumes that the yield curve is flat which is not generally true. In practice, we would expect different reinvestment rates for different maturities. In the yield to maturity, these reinvestment rates are the same for all maturities.
To calculate the yield spread we also need to calculate the yield of the benchmark government bond y B as above. The benchmark for this corporate bond at issuance was the 10-yr on-the-run treasury, with 5% coupon and maturity date 15 August 2011. As the bond has rolled down the curve, the current benchmark is the 5-yr on-the-run treasury, which has 3% coupon and matures on 15 February 2009. It has a yield to maturity of 3.037%. As the yield of the Ford bond is 5.94% and that of the benchmark is 3.04%, so the yield spread is 290bp.
In this case, therefore, there is a maturity mismatch between the bond and its benchmark where the Ford bond matures almost 3 years after the benchmark. The benchmark has also changed since the bond was issued. 
Interpretation
We can make a number of observations about the yield spread as a credit risk measure:
• It shares all of the weaknesses of the yield to maturity measure in terms of constant reinvestment rate and hold to maturity. • Another disadvantage of being based on yield to maturity is that it is not a measure of return of a long defaultable bond, short treasury position.
• As a relative value measure, it can only be used with confidence to compare different bonds with the same maturity which may have different coupons.
• The benchmark security is chosen to have a maturity close to but not usually coincident with that of the defaultable bond. This mismatch means that the measure is biased if the underlying benchmark curve is sloped.
• The benchmark security can change over time, as the bond rolls down the curve. This is illustrated in the example above, where the bond switches from being benchmarked against a 10-yr on-the-run treasury security to a 5-yr on-the-run. As a result, yield spread is not a consistent measure through time.
The bottomline is that the yield and yield-spread measures are only rough measures of return.
In no way do they actually measure the realised yield of holding the asset. For these reasons, the yield spread should only be used strictly as a way to express the price of a bond relative to the benchmark, rather than a measure of credit risk.
The only time when it may become useful is if the asset and Treasury are both trading at or very close to par. In this case, the yield to maturity of the defaultable bond and treasury are close to their coupon values and the yield spread is a measure of the annualised carry from buying the defaultable bond and shorting the Treasury. However this information is already known, so even then the yield spread does not add any value.
INTERPOLATED SPREAD
To overcome the issue of the maturity mismatch, it is possible to use a benchmark yield where the correct maturity yield has been interpolated off the appropriate reference curve. Rather than choose a specific reference benchmark bond, the idea is to use a reference yield curve which can be interpolated.
Definition
The Interpolated Spread or I-spread is the difference between the yield to maturity of the bond and the linearly interpolated yield to the same maturity on an appropriate reference curve.
The simplest way to interpolate the yield off the treasury curve is to find two treasury bonds which straddle the maturity of the defaultable bond. It is then simple to linearly interpolate the yield to maturity of these two treasury bonds to find the yield corresponding to the maturity of the credit-risky bond. If the maturities of the two government bonds are T G1 and T G2 and the yields to maturity are y G1 and y G2 , then the interpolated spread is given by
Other choices of reference curves include a Constant Maturity Treasury (CMT) rates curve, or the LIBOR swap rate curve. The reference curve is always specified when quoting Ispread. If we consider the other benchmark bonds on the US Treasury curve (shown in Figure  below) , we see that the two which straddle the maturity of our defaultable bond are the 3¼ Jan-09 with a yield of 3.0742% and the 4¼ Nov-13 with a yield of 4.0791%. Linearly interpolating these in maturity time gives an interpolated yield of 3.65%.
Example
The resulting interpolated spread becomes 5.94% minus 3.65% which is 229bp. Note that this is less than the yield spread to the treasury benchmark, as the benchmark has shorter maturity than the credit bond and the treasury curve is upward-sloping. Alternately, we may choose the LIBOR swap curve, shown in Figure 2 below, as the reference. The interpolated swap rate to this maturity is therefore a linear mixture of the 7 year swap rate which is 3.99% and the 8 year swap rate which is 4.175%. We calculate the linearly interpolated swap rate to be 4.121%. Given that defaultable bond yield is 5.94%, the interpolated spread equals the difference which is 182bp. 
Interpretation
If the reference curve is upward sloping and the benchmark has a shorter maturity then the Ispread will be less than the yield spread. If the reference curve is downward sloping and the maturity is shorter than that of the benchmark then the I-spread will be greater than the yield spread.
Viewed purely as a yield comparison, I-spread gets around the problem of mismatched maturity which affects yield spread, but it does not necessarily correspond to the yield to maturity of a traded reference bond. In addition, it inherits all the drawbacks of the yield to maturity measure, and so should be interpreted as a way to express the price of the defaultable bond relative to a curve.
I-spread does take into account the shape of the term structure of interest rates, but only in a very crude way. The option adjusted spread, which we describe next, does so in a more robust manner.
OPTION-ADJUSTED SPREAD (OAS)
The Option Adjusted Spread (OAS) was originally conceived as a measure of the amount of optionality priced into a callable or puttable bond. However, the definition of the OAS is not option specific. Indeed it can also be used to measure the credit risk embedded in a bond.
Definition
The Option Adjusted Spread is the parallel shift to the LIBOR zero rate curve required in order that the adjusted curve reprices the bond.
The OAS is sometimes referred to as the Zero-Volatility Spread (ZVS) or Z-Spread. In the latter case, semi-annual compounding is always assumed (e.g. on Bloomberg).
If we choose discrete compounding for the OAS with a frequency equal to that of the bond f, then the OAS, denoted by Ω, satisfies the following relationship:
where C is the annual coupon of the bond and the LIBOR zero rates are related to LIBOR discount factors Z T as follows:
In OAS calculations, time is measured as calendar time in years, rather than being dependent on the basis of the bond, as is the case with the yield to maturity calculation. A onedimensional root-searching algorithm is used to solve this equation.
The Lehman Brothers convention, used on LehmanLive, is to use continuous compounding for the OAS, so that the above equation becomes
As a spread measure the OAS has a number of important differences from the yield spread. They are 1. The OAS is typically measured against LIBOR, although the reference curve is always specified and can be taken as the treasury curve as well.
2. The OAS reflects a parallel shift of the spread against LIBOR. Only the spreads are bumped rather than the whole yield. As a consequence, the OAS takes into account the shape of the term structure of LIBOR rates.
3. The OAS assumes that cashflows can be reinvested at LIBOR+OAS. As a result, future expectations about interest rates are taken into account. However there still remains reinvestment risk as it is not possible to lock in this forward rate today. Figure 2 . With semi-annual compounding, the resulting value of the OAS computed is 191bp. Figure 3 illustrates the concept of OAS as a parallel shift to the LIBOR zero rates curve. The calculation of OAS is summarised in Table 2 below. 
Interpretation
The OAS is higher than the 182bp calculated for the interpolated yield spread. This difference is mainly due to the fact that the reference curve is upward sloping. The OAS is lower than the interpolated yield when the reference curve is inverted. When the reference curve is flat, both the OAS and the interpolated yield are equal, except for minor differences due to the slightly different compounding conventions. In this sense, the relationship between OAS and I-spread is similar to the relationship between zero-coupon rates and current swap rates.
The magnitude of the OAS also depends on the compounding frequency used. The relationship is analogous to discretely or continuously compounded interest rates, and is shown below in Table 3 for the Ford bond considered earlier. While the OAS takes into account the term structure of interest rates, it is essentially a relative value measure and should be viewed, along with yield spread and I-spread, as a way to express the price of a bond relative to a reference curve.
ASSET SWAP SPREAD (ASW)
Unlike the spread measures described so far, the asset swap spread is a traded spread rather than an artificial measure of credit spread.
Definition
The Asset swap spread is the spread over LIBOR paid on the floating leg in a par asset swap package.
In a par asset swap package, a credit investor combines a fixed rate asset with a fixedfloating interest rate swap in order to remove the interest rate risk of the fixed rate asset. The mechanics of an asset swap spread are shown in Figure 4 below. There are two components to the package 1. At initiation the investor pays par, and in return, receives the bond which is worth its full price.
2. The investor simultaneously enters into an interest rate swap, paying fixed, where the fixed leg cashflows are identical in size and timing to the coupon schedule of the bond.
On the floating side of the swap, the investor receives a fixed spread over LIBOR -the asset swap spread. The floating leg of the swap is specified with its own frequency, basis and settlement conventions.
If the asset in the asset swap package defaults, the interest rate swap continues or can be closed out at market and the associated unwind cost is taken by the asset swap buyer. The asset swap buyer also loses the remaining coupons and principal payment of the bond, recovering just some percentage of the face value. Here, P LIBOR is the value of the bond's cashflows discounted at LIBOR, P full is the market price of the bond, and PV01 is the LIBOR discounted present value of a 1bp coupon stream, paid according to the frequency, basis and stub conventions of the floating leg of the interest rate swap. Assume that the floating leg of the swap pays quarterly and is computed using the ACT360 basis. We calculate the asset swap spread to be 214bp. Cashflows from this par asset swap spread are shown in Table 4 below.
The first two columns of Table 4 show the cashflow schedule of the bond. LIBOR discount factors are shown in the third column. Using these, we have: 
Interpretation
One thing to understand about the asset swap spread is that if the asset in the asset swap defaults immediately after initiation, the investor, who has paid 100 for the asset swap, is left with an asset which can be sold for a recovery price R, and an interest rate swap worth 100-P where P is the full price of the bond at initiation. The loss to the investor is -100-R-(100-P) = P-R, the difference between the full price of the bond and the recovery price of the defaulted bond. If the price of the asset is par, i.e. P = 100, then the loss on immediate default is 100-R, similar as we shall see to a default swap.
The point here is that if we hold the credit quality of the asset constant and increase its price, by, say, considering another bond of the same issuer with the same maturity but with a higher coupon, the loss on default is greater and the asset swap spread should increase. What is more relevant is what happens if we keep the details of the bond constant but allow the credit quality to change. Suppose we fix the LIBOR curve and coupon and the price of the bond changes. As any change in the bond price can only be due to a change in the perceived credit quality of the issuer, as the bond price falls this can only be because the implied credit risk of the issuer is increasing and vice versa. This is clear from Equation 1. An increase in the bond price results in a fall in the asset swap spread. This supports the idea of the asset swap spread as a measure of credit quality. Difference between YTM of the bond and YTM of the benchmark treasury bond.
Assumes reinvestment at same rate as the yield, and assumes the bond is held to maturity. Can be biased as maturities may not be the same and the benchmark bond changes over time.
I-Spread
Difference between YTM of the bond and corresponding rate for the same maturity on a benchmark curve (swaps or treasuries).
Reference curve rates are linearly interpolated. Gets around the maturity mismatch problem of yield spread, but suffers drawbacks from being based on the yield to maturity measure.
OAS or Z-Spread Parallel shift to treasury or LIBOR zero rates required to reprice the bond.
Relative value measure for the bond against a reference curve. A rough measure of credit quality. Expect a difference in the computed OAS based on compounding frequency: Bloomberg uses discrete compounding, while Lehman uses continuous.
Asset Swap Spread or Gross Spread
Investor pays par and receives LIBOR+ASW instead of paying full price and receiving fixed coupons.
This is a tradable spread -not a spread "measure" -it corresponds to a real cashflow. A better measure of compensation for assuming credit risk as the cashflows are real and the interest rate exposure is residual.
CDS Spread 3
Compensation for expected loss due to a credit event.
A "real" spread.
Cleanest measure of credit risk. Similar to OAS if recovery rates are zero, but a pricing rather than a yield measure. Better than ASW since the contract terminates following a credit event (no residual interest rate swap MTM).
CREDIT SPREAD MEASURES FOR FLOATING RATE NOTES
We now turn to Floating Rate Notes (FRNs). In contrast to fixed rate bonds, there are fewer commonly quoted measures of spread for FRNs. These are the quoted margin which determines contractual cashflows, discount margin which is similar to yield-to-maturity, and zero-discount margin which is similar to OAS. We now describe each in turn.
QUOTED MARGIN (QM)
The quoted margin is not strictly a spread measure; it is simply the spread over the LIBOR index paid by a floating rate note.
Definition
The quoted margin is the fixed, contractual spread over the floating rate index, usually LIBOR, paid by a floating rate note.
Once issued, the quoted margin of the bond is contractually fixed. In certain cases, defined within the bond prospectus, it may step up or down. It is therefore not a dynamic measure of ongoing credit quality. At most it only reflects the credit quality of the issuer on the issue date of the bond since this was the spread over LIBOR at which the bond could be issued at par
Example
To illustrate credit spread measures for FRN's, we consider a Ford Motor Credit bond with maturity 6 January 2006. This bond pays quarterly coupons indexed to the 3M-Euribor with accrued interest computed on an ACT360 basis. It is currently trading at a clean price of 101.09.
The quoted margin for this bond is 175bp. The floating rate is set at the start of each period, so that the coupon is known 3 months in advance. In this case, the size of the coupon due on 6 April 2004 is 3.87% (annualised), which means that the floating rate was fixed at 2.12% on 6 January 2004.
DISCOUNT MARGIN (DM)
Unlike the quoted margin, the discount margin is a dynamic spread measure which reflects the ongoing perceived credit quality of the note issuer. It is a simple measure of spread which assumes that the underlying reference curve is flat.
Definition
The discount margin is the fixed add-on to the current LIBOR rate that is required to reprice the bond.
Discount margin measures yield relative to the current LIBOR level and does not take into account the term structure of interest rates. In this sense, it is analogous to the YTM of a fixed rate bond.
The expected cashflows of an FRN are usually based on forward LIBOR rates. In the discount margin calculation, however, the assumption is that all future realised LIBOR rates will be equal to the current LIBOR rate. Cashflows are therefore projected as the current LIBOR plus quoted margin (except for the first cashflow, which is known for sure). Discount factors are also based on the current level of LIBOR, adjusted by a margin. The size of the margin is chosen to reprice the FRN, in which case it is called the discount margin.
The discount margin δ satisfies the following relationship:
and we have used the following notation: 
Example
The concept of discount margin is best illustrated using an example. Consider the same bond as before, i.e. Ford €+175bp 6 Jan 2006. The previous Euribor fixing, which together with the quoted margin determines the cashflow at the next coupon date, is 2.12%. The stub Euribor to the next coupon date, used to determine the discount factor, is 2.057%.
The bond pays quarterly coupons. The current level of 3M-Euribor is 2.064%. For all cashflows beyond the next coupon date to maturity, the discount margin calculation assumes that the realised Euribor rate is equal to 2.064%. This is also used in discounting.
The calculation of discount margin is illustrated in Table 6 . Since the Euribor fixing for the current period is known, we can compute accrued interest. The full price of the FRN is 101.50. The discount margin comes out to 116.3bp.
As with most spread calculations for fixed rate bonds, we typically need to use a 1-dimensional root-searching algorithm to solve for the discount margin. 
Interpretation
Discount margin is similar to the yield-to-maturity measure for fixed rate bonds. It expresses the price of an FRN relative to the current LIBOR level, and as such does not take into account the shape of the yield curve.
ZERO DISCOUNT MARGIN
The zero discount margin is the analogous spread measure to the zero volatility spread used for fixed rate bonds.
Definition
The Zero Discount Margin (Z-DM) is the parallel shift to the forward LIBOR curve that is required to reprice the FRN.
Forward LIBOR rates are used to project cashflows, and adjusted by the Z-DM to calculate discount rates. Z-DM therefore takes into account the term structure of interest rates. The calculation of Z-DM is similar to that for discount margin, except that forward LIBOR rates are used rather than current rates. It is determined using the equation:
Here, L(T j-1 , T j ) is the forward LIBOR rate between the two cashflow dates T j-1 and T j , ζ is the Z-DM, and the rest of the notation is the same as for the discount margin calculation. Table 7 below illustrates the calculation of the zero discount margin for the bond in the previous example. The calculated Z-DM is 116.2bp, which is close to the discount margin since the FRN has short maturity. In general for upward-sloping yield curves, the Z-DM is less than the discount margin. 
Example

Interpretation
The Z-DM is similar to a par floater spread; in fact they are numerically equivalent when the FRN is priced at par which is certainly the case when the bond is issued. At other prices the two measures differ since, as we have seen, they use a different method for implying the value of the future coupons. Also by convention, the fixed spread over LIBOR paid by a floating rate note is also called the quoted margin. If ζ = q and we are on a coupon refix date, the price of the bond equals par.
Both DM and Z-DM are yield measures, and as such should be viewed as ways to express the price of an FRN relative to some curve. Only the quoted margin is a real cashflow measure.
CREDIT DEFAULT SWAP SPREAD
The CDS spread is the contractual premium paid to a protection seller in a credit default swap contract. As such it measures the compensation to an investor for taking on the risk of losing par minus the expected recovery rate of a bond if a credit event occurs before the maturity of the CDS contract. It is termed a "spread" even though it does not explicitly reference any interest rate curve. However, implicitly, the reference curve is Libor.
Definition
The CDS spread is the contractual spread which determines the cashflows paid on the premium leg of a credit default swap.
It is the spread which makes the expected present value of the protection and premium legs the same. The valuation of CDS is described fully in the references and reviewed in the next section, but we can consider a simple example to explain the basic concepts.
Example
Suppose an investor sells protection on $10mm notional to a 5-year horizon on a credit risky issuer at a default swap spread of 200bp. The investor is paid for protection in the form of fixed quarterly instalments of approximately $50,000. The payments stop if the issuer defaults prior to maturity, in which case the value of protection delivered by the seller is par minus the recovery rate. Assuming a recovery rate of 40%, the investor would lose $6mm.
It has been shown that the valuation of a CDS position requires a model. The reader is referred to O'Kane and Turnbull (2003) for a more detailed discussion.
Interpretation
The CDS spread is arguably the best measure of credit risk for several reasons. First, a CDS contract is almost a pure credit play, with low interest rate risk. Second, it corresponds to a realisable stream of cashflows, which compensates an investor for a loss of par minus the recovery rate of the issuer following a credit event. All cashflows cease and the contract is settled following a credit event. Third, an investor can trade CDS to a number of fixed terms, so we should be able to observe a term structure. Finally, the CDS market is relatively liquid, so that CDS spreads accurately reflect the market price of credit risk.
CONCLUSIONS
In this article, we have tried to explain the precise definition and significance of the plethora of market terms used to express the credit risk embedded in a bond. There is an important distinction between measures of yield and tradable measures of spread. The former should be viewed as convenient ways to express the price of a bond or FRN relative to some benchmark instrument (bond, rate or curve). The latter can be translated into physical cashflows. There remains the important issue of how these spreads compare with each other, particularly in regard to their relative magnitudes and sensitivities to changes in the credit quality of the underlying bond. This analysis is left to a forthcoming paper in the Quantitative Credit Research Quarterly series.
